The aim of this study was to evaluate analgesic activity of the ethanolic extract of the bark of Erythrina variegata. The analgesic potential of the extract was evaluated using acetic acid-induced writhing test for peripheral analgesic activity and tail immersion, hot plate, formalin and glutamate test at 50, 100, and 200 mg/kg body weight doses. In analgesic activity tests, the extract at the doses of 50, 100, and 200 mg/kg b.w. produced a remarkable increase in pain threshold in a dose dependent manner. In acetic acid induced writhing test, the inhibitory effect was to be parallel to the reference drug diclofenac sodium. The extract showed 18.89% writhing inhibitory effect at the dose 200 mg/kg b.w., whereas diclofenac sodium showed 79.42% inhibition of writhing at a dose of 10 mg/kg b.w. The results of tail immersion and hot plate test also showed potential analgesic activity of the extract which is also comparable to the standard drug morphine (5 mg/kg b.w.). In formalin test, the bark extract at doses 200 mg/kg b.w. were found to exhibit the highest 47.80% inhibitory effect in late phase, whereas the reference drug morphine showed 63.64% inhibitory effect on licking of the hind paw. In glutamate test, the bark extract at doses 200 mg/kg b.w. were found to exhibit the highest 68.07% inhibitory effect in late phase, whereas the reference drug diclofenac sodium showed 61.53% inhibitory effect on licking of the hind paw. In conclusion, it can be said that the plant part have potential analgesic activity and may be used to relief pain.
INTRODUCTION
Medicinal plants are widely used in the traditional system for the treatment of several diseases that contain chemical compounds which act as precursor for the synthesis of useful drugs [1] . Many plants have been listed in the ancient literatures for their medicinal values and their formulation has been found to be effective for the treatment of various diseases. Different parts of the plants are used in the traditional treatment system without any scientific validation. They play significant role in providing primary health care services to rural people as the synthetic drugs are costly and sometimes they are unavailable. Besides their role as therapeutic agents, they also act as a major source of income by exporting medicinal plants to other countries [2] .
Erythrina variegate belongs to the Fabaceae family and Erythrina genus which includes about 110 species of trees and shrubs. The plants under the Erythrina genus are collectively known as "coral tree". These plants are native to the Old World tropics, especially from India to Malaysia, but are native of ancient westward to Zanzibar and eastward to eastern Polynesia (the Marquesas). It is typically found on sandy soil in littoral forest, and sometimes in coastal forest up to 250m (800ft) in elevation. The coral tree is cultivated particularly as an ornamental tree and as a shade and soil improvement tree (it fixes nitrogen) for other tree crops such as coffee and cacao [3] .
The plant parts from Erythrina variegate are widely used for the treatment of different diseases and complications. The leaves are used for their stomachic, anthelmintic, laxative, diuretic, gatactagogue and emmenagogue properties; sometimes also applied externally for dispersing venereal buboes, relieve pain of the joints and inflammations; juice is poured in to the ear to relief earache and is used as an anodyne in toothache. The bark is astringent, febrifuge anti-bilious and anthelmintic; useful in dysentery and as a collyrium in ophthalmia. The roots are emmenagogue [4] . The objective of the present study was to explore the analgesic activity of the bark extract of Erythrina variegate.
MATERIALS AND METHODS

Plant Material Collection and Identification
The whole plant was collected from Old Dhanmondi, Dhaka, Bangladesh in March 2012. A voucher specimen for this plant has been maintained in Bangladesh National Herbarium, Dhaka, Bangladesh (DACB Accession No. 36148).
Preparation of Plant Material
For the investigation, bark of Erythrina variegate were sundried for 7 days which were then dried for about an hour in a drier at 40 °C. After that dried bark were ground into powder using high capacity grinding machine and stored in airtight plastic container with necessary identification markings. The powdered bark test samples were then kept in cool, dark and dry place for the study purpose. et al. After completion of the extraction, the liquid was filtered using a sterilized cotton filter. Then it was evaporated by rotary evaporator for about 1 hr. then it was kept for drying till it solidify from liquid form. Then solvent was completely removed and obtained 6 g (yield 1.5%) dried crude extract which was used for preliminary phytochemical group tests and then subjected to for rest of the experiments.
Test Animals
For the study purpose, adult Swiss albino mice weighing between 20-30 gm of either sex were collected from animal sources department of ICDDR, B, Dhaka. The animals were maintained under normal laboratory condition and kept in standard polypropylene cages at room temperature of 30 ± 2 °C and 60% to 65% relative humidity and provided with standard diet and water. All protocols for animal experiment were approved by the institutional animal ethical committee.
Each group consists of five mice and to denote individual animal, they were marked as group I, II, III, for test samples at the doses of 50,100 and 200 mg/kg body weight and a control and positive control group was also maintained for every tests.
Preliminary Phytochemical Screening
One gram of the ethanol extract of E. variegata was dissolved in ethanol and was subjected to preliminary phytochemical screenings for determining nature of phytoconstituents [6] .
Acetic Acid-Induced Writhing Test
The anti-nociceptive activity of the extract was studied using acetic acid-induced writhing model in mice [7] . The animals were divided into control, positive control and test groups with five mice in each group. The animals of test groups received test samples at the doses of 50,100 and 200 mg/kg body weight. Positive control group received standard drug diclofenac sodium at the dose of 10 mg/kg body weight. Test samples were administered orally 30 min before intraperitoneal administration of 0.6% acetic acid but diclofenac sodium was administered 15 min before injection of acetic acid. After an interval of 5 min, the mice were observed for specific contraction of body referred to as 'writhing' for the next 30 min [8] .
Formalin-Induced Nociception
Animals received 20 l of 2.5 % formalin solution (7% formaldehyde) made up in saline and injected intra-planetary in the ventral surface of the right hand paw. Animals were observed from 0 to 5 min (neurogenic phase) and 15-30 min (inflammatory phase) and the time spent licking the injected paw was recorded as indicative of nociception. The animals received ethanolic extract of E. variegate at 50, 100 and 200 mg/kg 1 hr before, with basis of a previous time response curve. Positive control group received standard drug diclofenac sodium at the dose of 10 mg/kg body weight [9, 10] .
Glutamate Induced Nociception
A volume of 20 l of glutamate (10 mol/paw prepared in saline) was injected intraplantarly in the ventral surface of the right hand paw. Animals were observed individually for 15 min after glutamate injection. The amount of time spends in licking the injected paw was indicated as the nociception. The animals were treated with ethanolic extract of E. variegate at 50, 100 and 200 mg/kg 1 hr before glutamate injection. Positive control group received standard drug diclofenac sodium at the dose of 10 mg/kg body weight [11] .
Hot Plate Method
The paws of mice are very sensitive to temperature at 55 ± 0.5 °C, which are not damaging to the skin. The animals were placed on Eddy's hot plate kept at a temperature of 55 ± 0.5 °C. A cut off period of 30 sec [12] , was observed to avoid damage to the paw. Reaction time was recorded when animals licked their fore or hind paws, or jumped at 0, 30, 60, 90 and 120 min after oral administration of the samples. The animals of test groups received test samples at the doses of 50,100 and 200 mg/kg body weight. Positive control group received standard drug diclofenac sodium at the dose of 10 mg/kg body weight and saline water.
Tail Immersion Test
The procedure is based on the observation that morphine like drugs selectively prolongs the reaction time of the typical tail withdrawal reflex in mice [13] . The animals of the control, positive control and test groups were treated with diclofenac sodium (10 mg/kg body weight), saline water (10 ml/kg body weight) and test samples at the doses of 50,100 and 200 mg/kg body weight respectively. 1 to 2 cm of the tail of mice was immersed in warm water kept constant at 55°C. The reaction time was the time taken by the mice to deflect their tails. The first reading was discarded and the reaction time was recorded as a mean of the next three readings. A latency period of 30 sec was defined as complete analgesia and the measurement was stopped when the latency period exceeded to avoid injury to mice. The latent period of the tail-flick response was taken as the index of anti-nociception and was determined at 0, 30, 60, 90 and 120 min after the administration of the test drugs and standard [13] . Definition of groups and their treatments were as same of the hot plate test. The hot plate latencies and tail flick were sequentially measured at 0, 30, 60, 90 and 120 min with the same cut off time of 30 sec for the safety of animals.
Statistical Analysis
The results of statistical analysis for animal experiment were expressed as mean ± SEM. Data were analyzed by paired sample t test. The results obtained were compared with the control group. The criterion for statistical significance was *** p< 0.01, and * p< 0.05. All the statistical tests were carried out using SPSS statistical software.
RESULTS
Phytochemical Screening
Preliminary phytochemical screening of the crude ethanolic extracts of the barks of E. variegata revealed the presence of alkaloid and flavonoids ( Table 1) .
Acetic Acid-Induced Abdominal Writhing Test
The analgesic effect ethanolic extracts of E. variegata at dose level of 50 mg/kg, 100 mg/kg and 200 mg/kg body weight on acetic acid induced writhing in mice was exhibited. Doses of the extract inhibited writhing response induced by acetic acid in a dose dependent manner in which group III (200 mg/kg b.w.) exhibits the highest 18.89% of inhibition and is comparable to the reference drug diclofenac sodium (79.42%) ( Table 2 ). Values are mean ± SEM (n=5), *(p< 0.05), **(p< 0.01), ***(p< 0.001) significantly different when compared with the corresponding value of standard group, done by independent sample t-test.
Formalin-Induced Nociception
The nociceptive effect of ethanolic extracts of E. variegata at dose level of 50 mg/kg, 100 mg/kg and 200 mg/kg body weight on acetic acid induced writhing in mice was exhibited. Doses of the extract inhibited writhing response induced by acetic acid in a dose dependent manner in which group III (200 mg/kg b.w.) exhibits the highest 30.84% and 47.80% of inhibition in early and late phase respectively and is comparable to the reference drug diclofenac sodium (41.57% and 63.64% in early and late phase respectively) ( Table 3) .
Glutamate-Induced Nociception
The glutamate induce nociceptive effect of ethanolic extracts of E. variegata at dose level of 50 mg/kg, 100 Values are mean ± SEM (n=5), *(p< 0.05), **(p< 0.01), ***(p< 0.001) significantly different when compared with the corresponding value of standard group, done by independent sample t-test.
Hot Plate Test
The results of hot plate test are shown in Table 5 .
Tail Immersion Test
The tail withdrawal reflex time following administration of the ethanol extracts of E. variegata at dose level of 50 mg/kg, 100 mg/kg and 200 mg/kg body weight (b. w.) was found almost remain the same consistency with increasing dose of the sample which is comparable to the reference drug ( Table 6 ).
DISCUSSION
The current research has explored the analgesic potential of E. variegata using different well-known method in the scientific literature such as acetic acid induced writhing test for visceral pain and tail immersion, hot plate, formalin and glutamate tests for pain mediated by central activity.
Acetic acid induced writhing in animal model is considered as a highly sensitive and useful method for screening peripherally acting analgesic drugs. In the present study, E. variegata plant extracts produced anti-nociception in a dose-related manner against chemical-induced pain in mice. For the test purposes, ethanolic extracts were treated in test animals at a dose of 50, 100 and 200 mg/kg b.w. Highest writhing inhibitory response (18.89%) of the ethanolic extracts of E. variegata was found at a dose of 200 mg/kg b.w. The standard drug diclofenac sodium exhibited about 79.42 % writhing inhibitory response at a dose of 10 mg/kg b.w.
The tail immersion test has been recognized as a highly discriminating method to explore compounds that act over non-opoid receptor. The mean basal latency was increased by the extract which directs that Values are mean ± SEM (n=5), *(p< 0.05), **(p< 0.01), ***(p< 0.001) significantly different when compared with the corresponding value of standard group, done by independent sample t-test.
it may function through centrally mediated analgesic mechanism. It is well-established that narcotic analgesics block pain by both peripheral and central, whereas NSAIDs inhibit only peripheral pain [13] . In our study, we observed that the plant extract inhibited both mechanisms of pain, suggesting that E. variegata contain chemical compound which may act as a narcotic analgesic.
The hot plate has wide variety of application for determining central anti-nociceptive activities. Generally, opioid analgesics show their analgesic activities through both supra-spinal and spinal receptors [14] . The current investigation identified that ethanolic extracts of E. variegata possesses a statistically significant anti-nociceptive activity. From the study findings, it was apparent that the lower doses of the extract have more potent central anti-nociceptive effect. This finding has recommended that ethanolic extracts of E. variegate have anti-nociceptive effect which follow the opioid mechanism of anti-nociception.
Oral administration of ethanolic extract of E. variegata caused significant and dose related antinociception against both neurogenic (early phase) and inflammatory (late phase) pain responses caused by formalin injection in mice. The formalin-induced nociception is a well-described model of nociception and can be consistently inhibited by typical analgesic and anti-inflammatory drugs, including morphine, indomethacin and dexamethasone. Considering the inhibitory property of E. variegata on the second phase of formalin, we might suggest an anti-inflammatory action of the plant extract. Moreover, recent studies have shown that formalin activates primary afferent sensory neurons through a specific and direct action on TRPA1, a member of the Transient Receptor Potential family (TRP) of cation channels that is highly expressed by a subset of C-fibre nociceptors. This result is in line with that obtained in formalin mode and indicates that E. variegata extract at 100 mg/kg doses probably interacts with TRPA1 receptor located in Cfibres reducing the formalin-induced nociception [9, 10] .
Our study found that ethanolic extract of E. variegata exhibited anti-nociceptive effect in a dosedependent manner. In a recent published paper, the authors observed that the glutamate-induced nociception seems to involve peripheral, spinal and supraspinal sites of action and is significantly facilitated by both NMDA and non-NMDA receptors as well as by the release of nitric oxide or by some nitric oxiderelated substance. Therefore, if there is an effect of the plant extract directly on the receptors or on the second messengers related to these transmitters, the pain response can easily be eliminated. Taking this fact into consideration, the effect of E. variegata against by glutamate-induced nociception is of pronounced interest [11] .
CONCLUSION
In the light of the results of the present study, it can be concluded that the plant extract of E. variegata possesses moderate analgesic potential. This finding justify the use of E. variegata in folk medicine to treat pain. The results of phytochemical screening revealed that the ethanolic extracts of the plant of E. variegate contained alkaloids and flavonoids. These compounds are responsible for the bioactivities but quit difficult to ascribe the observe activities to any specific group of compounds. However, further chemical studies are required to isolate the bioactive compounds and elucidate the precise molecular mechanisms responsible for the pharmacological activities of the plant. Values are mean ± SEM (n=5), *(p< 0.05), **(p< 0.01), ***(p< 0.001) significantly different when compared with the corresponding value of standard group, done by independent sample t-test.
